Normal brain activity is associated with task-related pH changes. Although central nervous system syndromes associated with significant acidosis and alkalosis are well understood, the effects of less dramatic and chronic changes in brain pH are uncertain. One environmental factor known to alter brain pH is the extreme, acute change in altitude encountered by mountaineers. However, the effect of longterm exposure to moderate altitude has not been studied. The aim of this two-site study was to measure brain intracellular pH and phosphate-bearing metabolite levels at two altitudes in healthy volunteers, using phosphorus-31 magnetic resonance spectroscopy ( 31 P-MRS). Increased brain pH and reduced inorganic phosphate (Pi) levels were found in healthy subjects who were long-term residents of Salt Lake City, UT (4720 ft/1438 m), compared with residents of Belmont, MA (20 ft/6 m). Brain intracellular pH at the altitude of 4720 ft was more alkaline than that observed near sea level. In addition, the ratio of inorganic phosphate to total phosphate signal also shifted toward lower values in the Salt Lake City region compared with the Belmont area. These results suggest that long-term residence at moderate altitude is associated with brain chemical changes.
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Introduction
Normal brain activity is associated with task-related pH changes (Magnotta et al., 2012) . Brain pH plays a critical role in maintaining optimal function of the central nervous system. In fact, an increase or decrease in the blood concentration of free protons of as little as 0.1 μM is fatal (Richerson, 2004 ). An increased concentration of intracellular hydrogen ions, resulting from acidification, may bind with brain proteins, potentially altering their shape and function as enzymes, transporters, contractile elements and structural components (Gowrishankar et al., 2007) . Conversely, in pathological states that induce respiratory alkalosis, hypocapnia is known to produce neuronal ischemia and injury (Laffey and Kavanagh, 2002; Curley et al., 2010) . Acute experimental hyperventilation causes a washout of carbon dioxide (CO 2 ) in healthy volunteers, thereby increasing brain pH (Friedman et al., 2007) . While the central nervous system syndromes associated with extreme degrees of acidosis and alkalosis are well understood (Snively and Becker, 1968) , the clinical consequences of chronic, milder pH derangements are less clear.
It is well known that acute, short-term exposure to high altitudes increases the ventilation rate during ascent. Goldberg et al. (1992) measured brain pH using phosphorus magnetic resonance spectroscopy ( 31 P-MRS) in four men who resided for 7 days in a hypobaric chamber at 447 Torr (simulated altitude¼ 4267 m, pO 2 ¼93 Torr). Although the subjects' brain pH increased from 6.99870.029 (preexposure) to 7.02370.046 (post-exposure), the change may not have reached significance due to the small sample size, and the effects of longer-term, chronic exposure to altitude on brain pH have not been studied. As one ascends above sea level, the partial pressure of oxygen (O 2 ) in the inspired air falls with ambient barometric pressure (Martin et al., 2010) . While the proportion of O 2 remains constant at 20.93% up to 12,000 m, barometric pressure decreases exponentially with altitude (Wilson et al., 2009 
